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ABSTRACT
Radio loud jetted sources with and without extended inner jet structure show good agreement
with the simple ballistic ejection scenario proposed in the decreasing intrinsic redshift (DIR)
model, where, because of projection effects, those that show the most obvious extended structure
and large angular motions are assumed to have jets that lie close to the plane of the sky, and those
with little or no structure and small angular motions are assumed to have jets that are coming
almost directly towards us. This simple model also predicts several other relations seen in the
raw data that, in some cases, may be less easily explained if the redshifts are cosmological and
relativistic ejection is required. In particular, for radio-loud sources the source number density
is found to be high for sources that are not Doppler boosted but low for highly boosted sources.
This is opposite to what is expected, suggesting that Doppler boosting may not be involved at all,
which would be in agreement with the DIR model. If so, the reality of relativistic beaming in
quasar jets, the assumption of which has been the very foundation of the superluminal motion
explanation in the cosmological redshift (CR) model, would then be questioned.
Subject headings: galaxies: active - galaxies: distances and redshifts - galaxies: quasars: general
1. Introduction
The large apparent superluminal motions ob-
served in the jets of many radio-loud AGN galaxies
have been explained in the CR model by assum-
ing that the ejected blobs are moving towards
us with near light speeds and with small incli-
nation angles, i, close to the line-of-sight (Rees
1966; Zensus and Pearson 1987; Kellermann et al.
2004). Recent claims have shown, however, that
a simple ballistic model may explain the observa-
tions better if these jetted sources are much closer
than their redshifts imply. In the DIR model,
quasars are compact, seed objects with a high in-
trinsic redshift component, that are ejected at all
epochs out of the nuclei of mature active galaxies
(radio galaxies and Seyferts). As their intrin-
sic redshift component decreases these compact
objects evolve into mature active galaxies in a
period of a few times 108 yrs (Bell 2002a,b,c,d;
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Bell and Comeau 2003; Bell, Comeau and Russell
2004; Bell 2004, 2006, 2007; Bell and McDiarmid
2006, 2007). This model thus differs from the
standard model mainly in the way at least some
of the galaxies are born and evolve during their
first 108 yrs. It is similar in many respects to
the local model proposed previously by others
from evidence that high-redshift quasars might be
associated with low-redshift galaxies (Arp 1997,
1998, 1999; Arp and Russell 2001; Burbidge 1999;
Galianni et al. 2005; Lope´z-Corredoira and Gutie´rrez
2006; Narlikar and Das 1980; Narlikar and Arp
1993).
In radio-loud jetted sources, because of projec-
tion effects in the simple ballistic ejection model,
if the ejection speeds are similar, the angular mo-
tion µ (mas yr−1) of the ejected blobs is related to
the inclination angle, i, of the jet relative to the
line-of-sight. The largest angular motion is then
expected in jets that are in the plane of the sky
(i = 90◦). In µ versus S plots, where S is the ra-
dio flux density of the central engine, this scenario
then naturally produces an upper cutoff in µ. If
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the radio luminosity of the central engine is a rel-
atively good standard candle, this upper cut-off
will also have a slope of 0.5.
2. The Data
In this study we use the source sample dis-
cussed by Kellermann et al. (1998, 2004) which
looked only at the core and inner jet of radio-loud
AGN galaxies. This sample offers several advan-
tages that are desirable in this type of examina-
tion. The sources were all observed for long pe-
riods (many for up to 10 years), using the same
observing technique and instrumentation. Fur-
thermore there is less chance that the changes
in jet direction or dispersion and possible slowing
down in ejection speeds with time seen in kilopar-
sec jets could have affected these results. In Fig
1 the maximum angular motion seen in the jets
of the 114 sources with the most accurate data
from this sample is plotted versus the 15 GHz flux
density of the central engine. Here the flux den-
sity is the maximum value obtained during the ob-
serving period. Although the sources were chosen
because they have flat spectra, Sk represents the
measured flux density adjusted by a k-correction
factor of (1+z) to correct for bandwidth compres-
sion. This correction is necessary regardless of
whether the redshift is cosmological or intrinsic.
The angular motion in Fig 1 has been normal-
ized to zero redshift using the factor (1+z)2 to
correct for the change observed in µ with redshift
found previously (Bell and McDiarmid 2007)(see
below for further discussion). In Fig 1 an up-
per limit is detected which can be interpreted
in the simple ballistic ejection model as evidence
for the maximum velocity expected when ejec-
tion is perpendicular to the line-of-sight (Bell
2006; Bell and McDiarmid 2007). An upper cut-
off slope of 0.5 is also observed which can be ex-
plained in the DIR model if S15 is a good radio
standard candle (Bell 2006; Bell and McDiarmid
2007). As can be seen, the angular motion data
cover a range of µ-values from 0.05 to 1 which
is compatible with a change in inclination angle
from a few degrees to 90◦, further supporting the
simple ballistic model. In this model the sources
near the upper cut-off would be expected to show
extended structure while those near the bottom of
Fig 1 should show little, or no, extended structure.
Fig. 1.— Plot of angular motions in jets
versus 15 GHz flux density for sources from
Kellermann et al. (2004). The sharp upper cut-
off is produced in the DIR model when the jets
are in the plane of the sky. The solid line has a
slope of 0.5, as is expected if the radio luminosity
is a good standard candle. See text for an expla-
nation of the sources plotted as open circles and
open squares.
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The six sources with the largest visible struc-
ture in the sample, and with high βapp values, are
shown in Fig 2 and their parameters are listed
in Table 1. The six sources with minimum vis-
ible structure and low βapp values are shown in
Fig 3 and their parameters are listed in Table
2. The composite maps have been produced from
plots taken from Kellermann et al. (1998). Figs 2
and 3 appear to represent sources with large and
small viewing angles respectively. Since, in the
CR model, the mean distance to the sources in
Fig 3 is only a factor of ∼ 3 larger than for the
sources in Fig 2, the lack of extended structure
in Fig 3 is unlikely to be due solely to a differ-
ence in distance. In the simple ballistic ejection
scenario proposed in the DIR model, the sources
in Fig 2 should then all lie in the top portion of
Fig 1, where viewing angles are large, while those
in Fig 3 should all be located near the bottom.
These two groups of 6 sources have been indicated
in Fig 1, where it can be seen that this is the
case, with the extended sources (Fig 2) plotted as
open circles lying near the top of the plot, and the
sources with little extended structure (Fig 3) plot-
ted as open squares lying near the bottom. This
result, along with the upper cut-off and slope in
Fig 1, then can all be easily explained by the simple
ballistic ejections of the DIR model, without rela-
tivistic motion, Doppler boosting, or superluminal
motion.
In the CR model highly superluminal sources
(βapp > 10) must have their jets directed within
∼ 10◦ of the line of sight if their superluminal
motion is to be explained. Highly superluminal
sources might then be expected to show little ex-
tended jet structure. In the CR model there is
a contradiction in the data. The sources in Fig 2
have high βapp values and extended structure. Be-
cause of their extended structure we expect them
to have large viewing angles. But their jets cannot
have large viewing angles and be coming towards
us at the same time. Thus Fig 1 agrees with what
is predicted in the DIR model but presents a con-
tradiction that, at least at first glance, is more
difficult to explain in the CR model.
3. Discussion
The relativistic beaming model has been in-
vestigated extensively by other authors and will
Fig. 2.— Sources with βapp > 3 and large ex-
tended structure selected from Kellermann et al.
(1998).
Fig. 3.— Sources with βapp < 1.5 and little ap-
parent structure selected from Kellermann et al.
(1998).
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not be discussed in detail here since the pur-
pose of this investigation is see how well the
data fit the local model. Possibly because
of the large number of parameters it contains
(µ, β, βp, βb, βapp, i, γ, γb, S, δ, τ, v, c, z), compared
to those (i, µ, v, c, z, zi) in the DIR model, the CR
has proven to be easily fitted to the data in most
cases. But agreement in one model does not rule
out another if both can explain the data.
Since βapp is directly proportional to µ, when
βapp is plotted vs Sk the plot is almost identical to
Fig 1. In fact, all the sources with βapp > 10 are
located above µ(1+ z)2 = 0.75 in Fig 1, as can be
seen in Fig 4 where Fig 1 has been replotted with
sources with βapp > 10 plotted as open circles.
The low-βapp sources are located near the bottom
of the plot. In the DIR model this is acceptable be-
cause the apparent superluminal motions are not
real, created only by the presence of a large intrin-
sic component in the redshifts. However, in the
CR model, all the high-µ sources must be com-
ing towards us within ∼ 10◦ of the line-of-sight if
their superluminal motion is to be explained. If
the high-βapp sources near the top of Fig 4 are
coming towards us there can be no meaningful re-
lation between µ and inclination angle in the CR
model. Whether in Fig 1 the sharp upper cut-
off and its slope of 0.5 can be explained in the CR
model is not clear if the jets are coming towards us
within 10◦ of the line-of-sight, where the boosting
factor is largest and changes quickly with angle.
If they cannot, this could be a significant problem
for the CR model since these are empirical results
that do need to be explained. On the other hand,
if they can be explained it would not rule out the
DIR model, but it would be an amazing coinci-
dence if all the relations predicted by the simple
ballistic model were explainable by the relativistic
beaming model. This could then suggest that the
many parameters available in the latter model will
allow it to be fitted to almost any data.
It is well known that the distribution of angular
motions for these sources is not the sini distribu-
tion expected for a random sample of jet orienta-
tions. The distribution is highly weighted towards
low µ values (Bell 2006, see Fig 22). In the sim-
ple ballistic ejection (DIR) model the over-density
of sources with small µ values can be explained
without Doppler boosting as follows. The distri-
bution in Fig 1 could result from an anisotropic
brightness pattern in which the source radio ra-
diation is directed in some manner such that the
radio brightness increases towards i = 0◦ (small µ)
where the core is seen through the hole in the cen-
tral torus (Bell 2006; Bell and McDiarmid 2007),
keeping in mind that the edge-on sources may also
be seen through the host galaxy viewed edge-on.
Furthermore, the radio opacity conditions in the
regions near the accretion disc are not well known.
From Fig 1 it can be seen that the flux density en-
hancement at low-µ values would only need to be
a factor of 10-20 to raise all of the low-µ sources
above the ∼ 1 Jy detection limit. The distribu-
tion may also be due to the fact that this is not
a complete sample, since it was hand picked for
core dominant, flat spectrum sources. However,
perhaps the most likely reason for the observed µ
distribution is that the distribution is not the re-
sult of enhanced radio luminosities at all, but sim-
ply due to the fact that most jet motions are at
less than the maximum speed. In this case many
of the sources with small µ values can still have
large viewing angles. Except for this last case,
these explanations are not viable in the CR model
because, as shown above, it is the high-µ sources
that must be viewed close to face-on to explain the
highly superluminal speeds. (See section 3.2 below
for further discussion of this in the CR model.)
In Fig 1 the factor (1+z)2 has been used to
normalize the µ values to z = 0. This nor-
malization adjusts for the decrease in µ with
increasing intrinsic redshift reported previously
(Bell and McDiarmid 2007), and which is also
shown here in Fig 5. This decrease is now as-
sumed in the DIR model to be due to a signifi-
cantly lower ejection speed in the younger, high
intrinsic redshift objects. Without adjustment for
this decrease, objects with large intrinsic redshifts
cannot be compared meaningfully to those with
small intrinsic redshifts. This normalization then
allows us to include the radio galaxies in the same
plot with quasars and BL Lacs, while retaining the
sharp upper cut-off. Applying this factor of (1+z)2
cannot affect the conclusions drawn here from Fig
1 since the high redshift sources (which are af-
fected the most) appear in both source groups. If
anything, it is the low-µ sources (Table 2) that
will have moved up the most when this correction
was applied, because their mean redshift is slightly
higher.
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An attempt has also been made to explain the
decrease and upper cut-off in the µ versus z plot
in the CR model (Kellermann et al. 2004, see their
Fig 11). These authors demonstrate how µ is ex-
pected to change with z for a given γ. However,
the fit is crude, as they admit. To obtain a good
fit, assuming that a sharp upper cut-off in γ can
even be expected, this maximum γ would have to
change with z. There is no obvious reason why
there would be a maximum γ in the CR model,
while in the DIR model the upper cut-off is nat-
urally explained by ejections perpendicular to the
line-of-sight if there is a maximum ejection veloc-
ity.
3.1. Relativistic Ejections in Low-redshift
Radio Galaxies
In the DIR model it is assumed that since βapp
is proportional to distance in the CR model the
high βapp values have been obtained simply be-
cause the high redshift sources contain a large in-
trinsic redshift component. At first glance this
would seem to imply that superluminal motion
will not be seen in low redshift sources, because
they have little intrinsic redshift. This is in
fact observed to be the case for the 15 GHz ob-
servations being discussed here. However, it is
worth pointing out that although no highly su-
perluminal motion is expected in the low-redshift
sources, mildly relativistic ejection velocities in ra-
dio galaxies are not ruled out in the DIR model.
Why this is so is also demonstrated in Fig 5. It
is seen that the maximum angular motions (ejec-
tion speeds in the DIR model) increase almost
exponentially as the intrinsic redshift decreases.
The DIR model claims only that there can be
no highly relativistic ejection speeds in the jets
of high redshift quasars because their maximum
ejection speeds are more than an order of mag-
nitude slower than the maximum in mature ra-
dio galaxies. The two sources with largest angular
motions in Fig 5 are the radio galaxies 3C120 and
3C390.3, which in the CR model have superlumi-
nal ejections and in the DIR model could have
ejection velocities in excess of 0.5c. In Fig 5, µ
has been normalized to Sk = 1 Jy to remove the
cut-off smearing effects that would otherwise be
introduced by the slope of 0.5 in Fig 1. Note that
those sources that define the upper limit in Fig 5
are the same ones that define the upper limit in
Fig. 4.— Plot of angular motions in jets
versus 15 GHz flux density for sources from
Kellermann et al. (2004). Sources plotted as open
circles have βapp > 10.
Fig. 5.— Plot of angular motions in jets nor-
malized to 1 Jy (k-corrected) versus redshift for
sources from Kellermann et al. (2004).
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Fig 1.
It is important to note that the ejection veloc-
ities measured by Kellermann et al. (2004) are in
material ejected from the vicinity of the accretion
disc. Higher apparent ejection speeds near 4c-6c
have been reported at the so-called HST-1 loca-
tion in the M87 jet, both at optical (Biretta et al.
1999) and at radio (Cheung et al. 2007) wave-
lengths. This region appears to be unique in
the M87 jet and it has been clearly demonstrated
by Cheung et al. (2007) that the superluminal
motion at this site originates, not in the cen-
tral compact object like the material observed by
Kellermann et al. (2004), but from a point (HST-
1d) that is located 120pc downstream in the main
jet. Flaring, associated with the superluminal mo-
tion seen at this site may also be associated with
high energy TeV emission (Cheung et al. 2007).
This has lead these authors to suggest that the
highly superluminal motions detected in more dis-
tant objects might also be occurring further down-
stream, and not in the blobs ejected from near
the accretion disc as previously thought. How-
ever, it seems unlikely that all of the sources in the
Kellermann sample can be explained in this way.
In Fig 6, the ejection velocities (βapp) observed
by Kellermann et al. (2004) are plotted vs angular
motions, µ. Included in the plot is the maximum
value obtained in HST-1 by Cheung et al. (2007).
It seems clear from this plot that the HST-1 value
is related to a completely different phenomenon
than that producing the Kellermann values.
3.2. Evidence Against Relativistic Ejec-
tion Speeds in the Jets of High-z
Quasars
The relativistic beaming model was devised to
explain apparent superluminal motions in quasar
jets over 40 years ago (Rees 1966). Over that pe-
riod astronomers have accepted this model with-
out confirming proof that it was the correct ex-
planation. Many observations appear to support
this model, and one of these is the prevalence of
one-sided jets. However, one-sidedness can be ex-
plained in other ways and whether or not this is
due to Doppler boosting in an approaching jet
can only be confirmed by measuring relativistic
motions in a source whose accurate distance is
known. One such source is M87 (Virgo A) whose
distance has been determined independently us-
ing Cepheid variables. In its inner jet regions this
source also has a jet/counterjet intensity ratio at λ
2-cm that is highly asymmetric implying relativis-
tic ejections. Although a concerted effort has re-
cently been made to measure the ejection speeds of
this material at radio wavelengths (Kovalev et al.
2007), surprisingly no ejection speeds in excess of a
few percent of the speed of light have been found in
blobs that originate near the central compact ob-
ject and show the jet/counterjet asymmetry. This
has forced Kovalev et al. (2007) to conclude that
the asymmetry in intensities may be intrinsic, and
not due to Doppler boosting. This is what is ex-
pected in the DIR model, but it is not expected in
the relativistic beaming model.
The presence of Doppler boosting, or lack of
it, can also be tested using the distribution of
angular motions. As noted above, in radio-loud
AGN jets the distribution of angular motions is
known to be heavily weighted to small µ values
(Kellermann et al. 2004) instead of the sini re-
lation expected for a random distribution (Bell
2006, see Fig 22). This abnormal distribution
was eagerly embraced by astronomers when it was
thought that the low µ values indicated that the
jets were coming towards us and the high source
density at low µ values was then naturally ex-
plained by Doppler boosting. However, because
the high-βapp sources are associated with sources
near the top in Fig 4 it would seem that this can
no longer be the case. It is the high-µ sources
that must be coming towards us because they have
high βapp values, and therefore must be Doppler
boosted in the CR model, while the low-µ sources
do not show large superluminal motions. What
now needs to be explained in the CR model is
why the high µ, and supposedly highly Doppler
boosted, sources are so few in number while those
with little superluminal motion, or Doppler boost-
ing, are so prevalent. A similar result is obtained
directly from the µ-distribution without convert-
ing to inclination angle. This suggests, as above,
that Doppler boosting does not play a role.
The superluminal velocities seen in HST-1 do
not alter the results obtained by Kovalev et al.
(2007).
6
4. Conclusions
An examination of the structure and angular
motions in the inner jets of radio loud quasars
and other AGN galaxies reveals that the simple
ballistic ejections proposed in the DIR model can
easily explain the data, showing good agreement
with what is predicted by the model. Not only are
the jets with extended structure likely to be close
to the plane of the sky, and those with little struc-
ture likely to be coming towards us, an upper limit
with a slope of 0.5 is also seen in the µ vs S plot,
as is predicted in this model if the radio luminos-
ity of the central engine is a good standard can-
dle. Whether the abrupt upper cut-off and slope
of 0.5 can be explained in the relativistic beam-
ing model is at present unclear. In the CR model
the distribution of radio-loud AGN sources is also
found to be heavily weighted towards sources that
are not significantly boosted while those that are
highly Doppler boosted are scarce. This is oppo-
site to what is expected and suggests that Doppler
boosting may not play a role. When this is taken
together with the recent results of Kovalev et al.
(2007), it again implies that the DIR model may
explain the data best.
Fig. 6.— Plot of βapp versus µ for sources from
Kellermann et al. (2004). The value for HST-1c is
from Cheung et al. (2007).
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Table 1
Sources With Extended Structure and βapp > 3.
Source Type µ(mas yr−1) µ(1+z)2 Redshift Sk βapp
0333+321 Q 0.40±0.07 2.048 1.263 5.07 24.5
0430+052(3C120) G 2.08±0.24 2.22 0.033 4.55 4.6
0745+241 Q 0.32±0.05 0.64 0.409 1.34 7.9
1219+285 B 0.48±0.03 0.582 0.102 0.66 3.2
1226+023 Q 1.36±0.11 1.82 0.158 47.94 14.1
1323+321 G 0.142±0.001 0.266 0.37 0.89 3.25
Table 2
Sources With No Extended Structure and βapp < 1.5.
Source Type µ(mas yr−1) µ(1+z)2 Redshift Sk βapp
0119+041 Q 0.01 0.027 0.637 2.09 0.5
0642+449 Q 0.01 0.194 3.408 19.0 0.9
1128+385 Q 0.01 0.075 1.733 3.08 1.1
1758+358 Q 0.002 0.019 2.092 5.41 0.2
2134+004 Q 0.02 0.172 1.932 18.59 1.5
2145+067 Q 0.03 0.120 0.999 20.72 1.4
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